Objectives: To estimate the shifts in age at menarche from 1985 to 2010, compare the differences of average age at menarche between urban and rural groups, and determine the association of menarche with body mass index (BMI).
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Introduction
Menarche, the onset of menses, is a strong indicator of puberty in girls. Numerous international studies have shown that puberty is occurring earlier among girls than in previous decades [1] [2] [3] [4] . Given the possible associations between early menarche and obesity, cardiovascular disease, and certain cancers [5] [6] [7] , there is a need for current information on the age at menarche among girls in different countries; however, reports of age at menarche for Chinese girls have been few in number, generally outdated, or limited because of their regional composition [8, 9] , and the trend of age at menarche over the past 25 years is unknown.
Questions as to whether age at menarche has decreased among Chinese girls, whether a relationship between age at menarche and body mass index (BMI) exists, and whether such a relationship has changed over the past 25 years remain unanswered.
Data on menarche are available from the Chinese National Survey on Students'
Constitution and Health (CNSSCH) [10] [11] [12] [13] , which has been conducted every 5 years (1) estimate the shifts in age at menarche from 1985 to 2010; (2) compare the differences of average age at menarche between urban and rural groups;
and (3) determine any possible association between age at menarche and BMI.
Methods
Data were obtained from the 1985, 1995, 2005 , and 2010 CNSSCHs [10] [11] [12] [13] .The sampling procedure has been described in detail previously [8, 14] and was the same at all CNSSCH time points. The participants were primary school and high school girls aged 9-18 years from the same areas in each province. The sample sizes in the CNSSCH for different years ranged from 3764 to 6213 in each sex and age-specific subgroup in urban areas, and from 3737 to 6209 in rural areas, and the urban: rural was approximately 1:1 in each survey (Table I) . The sample size in each subgroup was larger in 1985 than in the subsequent years, because the Chinese government consulted relevant experts after the 1985 survey and consequently reduced the sample size. To ensure national representation, the surveys after 1985 proposed to select the same schools as in 1985, but fewer students in each school; thus, more than 85% of the schools sampled were identical in each survey. All subjects were selected by stratified cluster sampling from some classes as clusters selected at random from each grade in the selected school, so that the sample size in sex-and age-specific subgroups varied slightly in each survey after 1985.
Each province had equal sample sizes from 3 socioeconomic groups ("upper", "moderate", and "low") at the regional level. Five factors were taken into consideration when defining socioeconomic status at the regional level: regional gross domestic product, total yearly income per capita, average food consumption per capita, natural growth rate of the population, and regional social welfare index [14] . Individual menarchal data were collected by the status quo method.1 Girls aged ≥ 9 years in each CNSSCH were interviewed by a female physician or school nurse and asked whether or not menarche had occurred. Because almost all school girls of that age have some knowledge of menstrual periods from school health education, a dichotomous response (yes/no) for menarchal status could be easily obtained. The physicians or school nurses were well trained to explain menstruation to young girls, so that it could be distinguished from other phenomena, such as bleeding in the perineum due to injury. Probit analysis [15] was used to calculate age at menarche.
The girls' ages were recorded and calculated as decimal ages (eg, 8.00-8.99 years, 9.00-9.99 years).
Height (in cm) and weight (in kg) were all measured using similar instruments at all survey sites [14] .The girls were required to wear only light clothing and stand erect, barefoot, and at ease while being measured. Weight was recorded to the nearest 0.1 kg with a standardized scale, and height was recorded to the nearest 0.1 cm with a portable stadiometer. Both the scales and stadiometers were calibrated before use.
BMI was calculated as body weight (in kg) divided by height (in m) squared (kg/m 2 ).
BMI-for-age z-score, a quantitative measure of the deviation of a specific BMI value from the mean of that population, was calculated using the World Health Organization 2007 reference data [16] . Measurements at the survey site were conducted by a team of field professionals trained in anthropometric measurements.
Statistical analyses
BMI was calculated for each age group, urban and rural subgroups, and survey year.
The distributions of BMI for-age z-scores for the 4 survey years by urban and rural subgroups were represented using kernel densities, which are nonparametric smoothed graphs independent of bin width when compared with histograms. The percentages of menstruating girls of each age by urban and rural subgroups were determined. The age at menarche and the 95% CI in subgroups for different years were calculated using probit regression. Probit models were fit to the proportion of girls of each age who had reached menarche. A cumulative normal curve was fit to the proportion of girls of each age who were menarchal, and the population median age at menarche was the corresponding age at which 50% of girls in the population could be predicted to have reached menarche. ANOVA was used to compare BMI in premenarchal and postmenarchal girls in different years. A 2-sided P value <.05 was considered significant. Logistic regression was used to model the association between the log odds of being menarchal and BMI, age, urban-rural residence, province, socioeconomic status, and school. BMI and age were continuous variables, and urban-rural residence was a categorical variable, with rural as the reference category.
The design effect of cluster sampling by school was taken into account in the logistic regression models using Stata 12.1 (Stata Corp, College Station, Texas). All other analyses were conducted with SPSS 20.0 (IBM, Armonk, New York). Table I presents BMI values of Chinese girls aged 9-18 years from the CNSSCH between 1985 and 2010. During the course of those 25 years, the mean BMI increased continuously in most subgroups. Figure 1 shows a similar trend, in which the curves of BMI-for-age z-score distribution of both urban and rural girls shifted to the right over time at almost every percentile. The M-d plots of BMI by each age group show a similar trend as well (data not shown). Table II presents years in the total population, because the 95% CI of age at menarche estimate in 1985 or in 2010 did not overlap in the total sample. In all age groups, the percentage of menstruating girls was higher and the age at menarche was lower in urban residents compared with rural residents at all 4 surveys. However, the decreases in estimated age at menarche over the past 25 years were smaller in urban residents (3.6 months per decade vs 5.5 months per decade) ( Figure 2 ). Girls of the same age who had reached menarche had a higher mean BMI than girls who had not reached menarche (Table III) In each survey period, higher BMI was associated with an increased likelihood of having reached menarche after adjusting for age, urban-rural residence, province, socioeconomic status, and school. The coefficient for BMI in the logistic regression models was highest in the 1985 CNSSCH (OR, 1.74; 95% CI, 1.70-1.78), and was almost identical in the subsequent 3 surveys. Urban-rural residence independently predicted an increased likelihood of having reached menarche in each CNSSCH; however, the magnitude of this association declined over time (Table IV) .
Results

Discussion
Over the past 25 years, age at menarche declined from 13.41 to 12.47 years, an average decrease of 4.5 months per decade. In Western Europe, this decrease has been approximately 3-4 months per decade from 1830 to 1980 [1] . Anderson et al [17, 18] found that the average age at menarche in US girls dropped from 12. Hosokawa et al [3] concluded that the average age at menarche of Japanese girls has decreased by 1.6 years over the 50 years since 1930, from 13.8 to 12.2 years.
Although the tendency of decreasing age at menarche has recently slowed in Japan,
The Netherlands, Germany, and Bulgaria [3, 19] and has remained stable in Belgium and Norway, [19] it has continued to decline in China, in both urban and rural areas.
The difference in menarchal age between urban and rural regions is well established, with urban girls reaching menarche earlier than rural girls [19, 20] . It is thought that urbanization influences the evolution of maturational age, likely through increasing BMI [20] .Our research also has identified significant differences between urban and rural girls in age at menarche over time; however, we have shown a continuous decrease in the magnitude of the association between age at menarche and urban-rural residence coinciding with the urbanization of China over the last 30 years [21, 22] .
According to the official statistics, the rate of urbanization increased from 23.71% in 1985 [23] to 29.04% in 1995 [21] and further to 49.68% in 2010 [24] .
Our study found that the downward shift of the average age at menarche has been accompanied by a simultaneous increase in BMI. Others have shown that BMI is an independent predictor for reaching menarche. A plausible explanation for this association is the direct effects of fat on the hypothalamic-pituitary-gonadal axis (eg, aromatization of androgens into estrogens) [6, [25] [26] [27] [28] [29] . We found that higher BMI was associated with earlier menarche at each survey point, corroborating earlier findings indicating that girls with a higher BMI are more likely to start menses at a younger age than lean girls. Our cross sectional analyses of premenarchal and postmenarchal girls in each survey year support this conclusion as well; postmenarchal girls had a higher average BMI compared with their premenarchal peers in most age groups in both urban and rural areas.
As for the estimates of OR between menarche and BMI, we found that it was greatest in the 1985 CNSSCH, which was considered the beginning of childhood overweight and obesity epidemic [30] ,although the entire nutritional status of the population was very low at the time, with 22% of school children and adolescents suffering from malnutrition [31] .Since then, estimates have been almost identical in the subsequent 3 surveys conducted between 1995 and 2010, when the nutritional status of entire population of children was improving, suggesting a fairly stable association between menarche and BMI, even though other factors may have changed over the past 15 years.
There is epidemiologic evidence that earlier menarche is associated with adverse health effects. Women who experience earlier menarche are more likely to have estrogen dependent diseases such as breast cancer [7] , and also experience earlier mortality [32] .Because earlier menarche and higher BMI may act together in later years to the detriment of a woman's health, it may be advisable for school health providers and doctors to pay more attention to pubescent girls with those characteristics.
Our investigation has several limitations. First, it is not a prospective cohort study, because each CNSSCH was a cross-sectional survey conducted with different participants. The average age at menarche might not reflect the exact situation in the population; this can be clarified only by a longitudinal cohort study. Second, although misclassification of menarchal state is possible, the method used is unlikely to be biased, because it relies on the report of whether or not a salient event like menarche has occurred. Third, the time of year of data collection was different in 1985 compared with the other survey years. Considering that there tend to be seasonal differences in physical activity, and that children tend to be heavier in winter and spring, this is a study limitation. Fourth, there was a variation in sample size over time;
however, the various sample sizes came from the stratified cluster sampling, and all sample sizes were large, which could ensure the representativeness of the study sample.
Our results suggest that interventions focused on overweight or obesity control in girls before age 9 years may have the effect of delaying early menarche as well. The decrease in the magnitude of the association between menarche and urban-rural residence may be explained to a certain degree by the urbanization of China. 
